Abstract There are an estimated 200 million carriers of the b-thalassemia gene worldwide, 20 million being in India. The mean prevalence in India is 3.3 %. Objective To evaluate the clinico-investigational profile and the demographic characteristics of patients with thalassemia major (TM). Methods This was a retrospective analysis of the clinico-demographic profile at presentation of patients of TM diagnosed in the Paediatric Hematology Clinic of our hospital. Results The clinical profile of 964 patients of TM was analyzed. The mean age at presentation of untransfused children was 13.2 ± 9.7 months. Nearly 2/3 rd children presented before 1 year of age. Almost 40 % had symptoms for 3 months prior to presentation. The manifestations at presentation included pallor and failure to thrive. About 40 % presented with severe anemia, with a hemoglobin of \5.0 gm/dl. A large number received blood transfusions prior to establishment of the diagnosis. Half of the families had ancestors who hailed originally from Pakistan. Approximately 50 % belonged to the Khatri/ Arora castes. The parental literacy rate was about 90 %. Conclusions Thalassemia needs greater public awareness and prevention strategies in our country. Some communities are at high risk as compared to others. Education programs and compulsory antenatal screening appear to be the order of the day.
Introduction
The March of Dimes Global Report on birth defects estimates that 7.9 million infants are born annually with a serious birth defect. Most of these (7.4 million) occur in the middle and low-income countries [1] . The hemoglobin disorders, sickle cell anemias and thalassemias contribute significantly to this global toll. Approximately 7 % of the world's population is a carrier for hemoglobin disorders with 300,000-500,000 births every year with the severe heterozygous form of disease [2] [3] [4] . Beta thalassemia is the commonest inherited hemoglobin disorder in the Indian subcontinent with an uneven distribution among the different endogenous populations. Carrier frequency ranges between 3.7 and 10 % [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . With national programmes the epidemiology of the disease has changed worldwide. However, in India, though immense progress has been made in the management and antenatal diagnosis of the disease, an accurate estimation of the disease burden at the district level is as yet not available [5, 6] . Certain communities have been identified to have a high carrier rate, and could be responsible for 50 % of the disease burden. We need awareness of the burden of the disease to evolve early detection, management and prevention strategies.
Objective
To determine the clinico-investigational profile and the racial demographic pattern of patients with thalassemia major (TM) presenting to our centre.
Setting
Hematology Oncology unit, Advanced Pediatric Centre, PGIMER, Chandigarh.
Study Design
This was a retrospective analysis.
Patients and Methodology
Patients diagnosed to have beta TM between January 1987 and December 2007 were analyzed. Data pertaining to racial demographics, symptomatology and investigations was retrieved from the case files and pooled for statistical analysis. Case files are arranged chronologically and maintained in the central record department of the Advanced Pediatric Centre.
Definition of TM [4, 12, 15] 
Results
One thousand, two hundred and twenty one children were diagnosed to have TM between 1987 and 2007. The files of 964 children, 688 boys and 276 girls, were retrieved. We see 300-350 new cases with hematological disorders in the pediatric hematology clinic every year. The number of children with thalassemia during these years is given in Fig. 1 . Analysis of 964 patients is given.
The age at presentation of the whole cohort was 17.2 ± 19.8 months, median being 10 months. Fifty two percent presented before 1 year of age. One third presented between 12 and 24 months of age and 17 % presented after 24 months (Table 1) . Sixty percent had received a transfusion before presentation.
There were 382 children who presented untransfused, the mean age being 13.2 ± 9.7 months. In this group 64 % presented in the first year of life, and 6.7 % presented after 2 years of age ( Table 1) . The difference in ages between these two groups was not significant. (p [ 0.05).
Clinical Features
The presenting features included a history of pallor, jaundice, poor growth and fever (Table 2) . Nearly 40 % presented with hemoglobin of \5.0 gm/dl. In addition, the peripheral blood film revealed anisocytosis in 98 % cases, target cells in 96 %, basophilic stippling in 27 % and nucleated red blood cells in 63 % of the patients.
Forty two percent presented within 3 months of symptomatology (Table 2) . One hundred eighty eight children came with a history of greater than 1 year.
An initial alternate diagnosis was considered in 128 children (13.2 %). This included: (i) nutritional anemia in 62; (ii) infection: 49; (iii) storage disorder: 10; (iv) malignancy: 2; (v) other hemoglobinopathies. Nutritional anemia was thought of mainly in infancy in patients who had presented with mild-moderate anemia and mild organomegaly. The commonest infection considered was malaria which was thought of in the children who came with pallor, fever and splenomegaly. A storage disorder was deliberated as the initial diagnosis in ten children who had presented with massive splenomegaly and mild to moderate pallor. Malignancy was thought of in two children who had been referred with blasts in the peripheral smear. A review of the film showed these to be nucleated red blood cells and not blasts. Hereditary spherocytosis was considered in those who presented with moderate anemia without a transfusion.
Transfusion
Five hundred and eighty two (60 %) patients had received a transfusion prior to referral (Table 2) . Two hundred and fifty seven (44.2 %) had received a transfusion before 12 months of age. The number of transfusions varied. Two third children had received 1-3 transfusions prior to the establishment of diagnosis of TM. Though 582 children had received a blood transfusion prior to an institute referral, only 50 had been investigated for thalassemia by doing a hemoglobin electrophoresis before receiving a transfusion. Sixty nine children had been on a regular transfusion ([12 transfusions) prior to referral. Amongst these 69, only 30 children had been investigated for thalassemia and the rest were on regular transfusions with no definite diagnosis.
The HbF value at presentation varied from\25 to[75 %. This variance was seen because of previous transfusions. Around 85 % children who had an HbF value of less 50 % had received prior transfusions. The HbF level was significantly inversely proportional to receipt of a transfusion (Table 2 ). Thalassemia carrier status was documented in all parents by an Hb Electrophoresis/HPLC showing an elevated HbA2 ( [3.5 %). Eight mothers had a low HbA2 secondary to iron deficiency. After treatment the value recorded was[3.5 %.
Religion and Caste
More than three fourth, (745) patients were Hindu; 184 (19.1 %): Sikh; 34 (35 %): Muslim and 1 patient was a Christian. The caste, known in 711 (73.7 %) cases, mainly of the Hindu and Sikh religions, is given in Table 3 . Khatri's and Arora's predominated, followed by the Sharma and the Aggarwal communities. A very small percentage belonged to the marginalized weaker sections of society.
State of Origin
Nearly half of the cohort, 480 (49.8 %) belonged to Punjab followed by 237 (24.6 %) patients from Haryana. There were 88 patients from Himachal Pradesh (9.1 %). A small number of patients were from Rajasthan (47); Uttar Pradesh (45) and Jammu and Kashmir (9) . A small number, 58, hailed from Bihar, Orissa and Madhya Pradesh.
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Thal syndromes : Fig. 1 Thalassemia patients in the Pediatric Hematology Clinic rd of the parents (37 % fathers and 35 % mothers) had studied up to high school. Two hundred and twenty one (22.9 %) fathers and 233 (24.2 %) mothers had a bachelor's degree. A small percentage (3.5 %) had university education. The symptom diagnosis interval was compared with the education of the father. This difference was not significant (p = 0.213).
Discussion
The severe and most frequently encountered hemoglobinopathies in India include the thalassemias and sickle cell disease. These hemoglobinopathies are geographically distributed in the country. TM is the commonest hemoglobinopathy seen in the northern part of the country, sickle cell being confined mainly to central India [5, 6] . Our hospital is one of the major referral centers in north India, draining the states of Punjab, Haryana, Himachal Pradesh, eastern Uttar Pradesh, western Rajasthan and Jammu and Kashmir. This retrospective analysis was done to determine the epidemiological spectrum of TM cases at our centre.
The mean age at presentation in our whole cohort was 17.2 ± 19.9 months, with 50 % presenting in the first year of life. Children presenting directly to our centre had a mean age of 13.2 ± 9.7 months with 64 % being diagnosed within the first year of life.
A small percentage, 2.5 %, presented before 3 months of age and 2.7 % were diagnosed after the age of 2 years. Most children with transfusion dependent thalassemia present in the first year of life. Kattamis et al. [16] noted age at presentation to be 13.1 (2-36) months. Cao [17] reported the mean age of children who presented with TM to be 8.4 ± 9.1 months. In 1984, Modell and Berdukas [18] reported 60 % of patients to present in the first year of life, mean age being 6 months. Nine percent children in their population presented after 2 years of age. Children who present late often need observation for a while before a definite diagnosis of TM or thalassemia intermedia can be made. These patients probably have a milder form of disease.
in 1975
We have a male to female ratio of 2.5:1. In literature, only Indian studies have reported a male preponderance of up to 68 % [19] and 69.5 % [13] . Studies from the West, Mediterranean and Middle East [4, [20] [21] [22] [23] have shown an equal incidence of disease in both sexes. The male preponderance seen in India has been attributed to a gender bias, rather than an actual preponderance of disease in boys. The existence of female disadvantage in large parts of the country, especially the northern states, has been clearly identified. Studies across India have found that boys are much more likely than girls to be taken to a health facility when sick [24, 25] .
Nearly all (99 %) children had pallor as a presenting complaint. A small percentage had jaundice. Significant malnutrition was seen in 27 % of patients (Grade 2 and above, as per Indian Academy of Pediatrics classification [26] ). Contributing factors to growth retardation include recurrent infections, nutritional deficiency, chronic hypoxia, iron toxicity from transfusion hemosiderosis, poor transfusional status and inadequate chelation [27, 28] . Hemolytic facies were present in 39 % of patients and 78 % came with moderate to severe anemia. This gives an insight to late presentation in our country as compared to the west where the mean Hb at diagnosis has been reported as 8.2 gm/dl [18] .
A mere 50 of the 582 children who received transfusion prior to referral had been investigated for TM. None of the families who had children on a regular transfusion regimen had proper comprehension of the disease. In addition , the symptom diagnosis interval prior to reaching a tertiary care centre was more than 3 months in 58 % of patients. This is a reflection on the inadequacy of the health system and lack of awareness amongst the medical personnel. It is important to note, that though children had received transfusions prior to presentation, there was no significant difference in the clinical features, except hemoglobin, amongst those who came without a transfusion and those who received a transfusion.
Caste was known to us in 711 patients (73.7 %). Khatris and Aroras constituted 47.4 % of the cases, followed by the Brahmin community accounting for 10 % and the Aggarwal community 6 % of cases. The Khatris and Arora communities are concentrated in Punjab (India and Pakistan), Haryana, Delhi and the Sindh province of Pakistan and constitute about 15 % of the population in north India. Studies from these regions have shown 50-65 % cases to belong to the Khatri and Arora communities [9, 10, 23, 29] . The thalassemia carrier frequency in India varies from 3.0 to 15 % and is estimated to be about 3-6.5 % in Punjab [2, 6, 8, 10, 11] . Though carrier frequency has not been described in all states, states with a high carrier frequency include Gujarat, Maharashtra, Tamil Nadu and Punjab [6, 8, [10] [11] [12] 14] .
Nearly 50 % patients 457 (47.4 %) had ancestors who had migrated from Pakistan. Studies have shown that 65 to 80 % families [10, 11, 13, 29] with thalassemia in Punjab, India are first/second generation migrants from Pakistan, Punjab. The main areas of Pakistan from where our patients have migrated are Rawalpindi, Multan, Lahore, Lyallpur, Faizabad, Bhawalpur, Sargodha, Montgomery, Gujranwala and Punjab.
A family history of transfusion dependent thalassemia was elicited in 176 (18 %) patients. One hundred and four had an affected sibling. The inability to prevent disease recurrence within the family reflects the poor awareness of disease in the general population and health care professionals. In addition there is often denial and resistance to antenatal diagnosis amongst affected families.
Only 8.2 % of fathers and 12.8 % mothers were illiterate. One third of the cohort had parents educated up to high school. 22.9 % fathers and 24.2 % mothers had a graduate degree. The average literacy rate in this area is around 68-77 % as per the 2001 census [30] . This information is significant to enable population based education and screening at high school/college level.
Despite education, improvement in health services, availability of genetic testing and ante natal diagnosis the number of patients coming to the center have remained about the same over the years. This in itself calls for a crying need of the necessity for community awareness and mandatory screening programs in the high risk areas.
Conclusions
Thalassemia is a public health problem which needs to be addressed in our country. There is need for strategies for increasing awareness about this condition and providing high quality management services. From our study it is significant that This information can help in formulating public awareness education programs at high school/college levels. This approach has good success stories in various parts of the world. India had genetic heterogeneity and is an endogamic society. This helps and makes it imperative that high risk communities be targeted. As nearly 50 % cases belong to these communities in the north, targeting defined communities would cover a huge number of at risk population. This is best advised during the antenatal period [31, 32] .
Community based survey to know the exact burden of disease and carrier status in India is needed. Also, as is clear from our study, girl children are often not brought to hospital.
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